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TRENCH TRANSISTOR AND
MANUFACTURING METHOD OF THE
TRENCH TRANSISTOR

BACKGROUND

Field-eftect controlled power switching structures such as
trench Metal Oxide Semiconductor Field Effect Transistors
(trench MOSFFETs) have been used for various applications
including but not limited to switches 1n power supplies and
power converters, e.g., hali-bridges.

A key figure for trench MOSFETs which 1s to be optimized
with regard to switching losses and switching speed 1s the
active area-independent product called the Figure of Merit
(FOM) which equals the product of the on-state resistance
R psyon and the gate charge Q; to turn on the transistor. The
gate charge Q ; depends on the gate-drain capacitance C .

In view of meeting the demands on electrical characteris-
tics of trench MOSFFETs, 1t 1s desirable to reduce both their

on-state resistance R p¢ 05 and their gate-drain capacitance
Csps 1.€., to reduce the FOM.

SUMMARY

According to one embodiment of a semiconductor device,
the semiconductor device includes a semiconductor body
including a first surface and a second surface. The semicon-
ductor device further includes a trench structure extending
into the semiconductor body from the first surface. The trench
structure includes a first gate electrode part and a first gate
dielectric part 1n a first part of the trench structure, and a
second gate electrode part and a second gate dielectric part in
a second part of the trench structure. A width of the trench
structure 1n the first part 1s equal to the width of the trench
structure 1n the second part. The semiconductor device fur-
ther includes a body region adjoining the first and second gate
dielectric parts at a side wall of the trench structure. A dis-
tance d, between a bottom edge of the first gate dielectric part
and the first surface and a distance d, between the bottom
edge of the second gate dielectric part and the first surface
satisfies 50 nm<d, -d,.

According to another embodiment of a semiconductor
device, the semiconductor device includes a semiconductor
body including a first surtace and a second surface. The
semiconductor device further includes a trench structure
extending into the semiconductor body from the first surface.
The trench structure includes a first gate electrode part 1n a
first part of the trench structure and a second gate electrode
part 1n a second part of the trench structure. A width of the
trench structure in the first part 1s equal to the width of the
trench structure 1n the second part. The semiconductor device
turther includes a body region adjoining a gate dielectric parts
at a side wall of the trench structure. A distance d,' between a
bottom edge of the first gate electrode part and the first surface
1s larger than a distance d,' between a bottom edge of the
second gate electrode part and the first surtace. A distance d,
between the first surface and a bottom edge of the body at a
lateral distance from the gate dielectric between 10 nm to 20
nm satisfies —100 nm<d,'-d,<200 nm.

According to yet another embodiment of a semiconductor
device, the semiconductor device includes a semiconductor
body including a first surface and a second surface. The
semiconductor device further includes a trench extending into
the semiconductor body from the first surface. The trench
includes a first gate electrode part 1n a first part of the trench
and a second gate electrode part in a second part of the trench.
The first gate electrode part and the second gate electrode part
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2

are parts of one continuous gate electrode 1n the trench. The
first gate electrode part extends deeper into the semiconduc-
tor body from the first surface than the second gate electrode
part.

According to an embodiment of a method of forming a
semiconductor device, the method includes forming a trench
structure extending into a semiconductor body from a first
surface. The method further includes forming a first gate
dielectric part and a first gate electrode part in a first part of the
trench structure, and a second gate dielectric part and a sec-
ond gate electrode part 1n a second part of the trench structure.
A width of the trench structure 1n the first part 1s formed equal
to the width of the trench structure in the second part. The
method further includes forming a body region adjoiming the
first and second gate dielectric parts at a side wall o the trench
structure. The method further includes forming a distance d,
between a bottom edge of the first gate electrode part and the
first surface and a distance d, between a bottom edge of the
second gate electrode part and the first surface which satisfies
50 nm<d, —d,,.

Those skilled 1n the art will recognize additional features
and advantages upon reading the following detailed descrip-
tion, and upon viewing the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
turther understanding of the present invention and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments of the present invention and
together with the description serve to explain principles of the
invention. Other embodiments of the present invention and
many of the intended advantages of the present invention will
be readily appreciated as they become better understood by
reference to the following detailed description. The elements
of the drawings are not necessarily to scale relative to each
other. Like reference numerals designate corresponding simi-
lar parts. The features of the various 1llustrated embodiments
can be combined unless they exclude each other.

Embodiments are depicted in the drawings and are detailed
in the description which follows.

FIG. 1 1s a schematic illustration of a vertical cross section
through a part of a semiconductor body of a trench MOSFET
including a first trench with a first gate electrode part and a
second trench with a second gate electrode part, wherein the
first gate electrode part extends deeper into the semiconduc-
tor body than the second gate electrode part.

FIG. 2A 1s a schematic 1llustration of a top view of a part of
a semiconductor body of a trench MOSFET including a
trench, wherein an intersection line AA' intersects a first gate
clectrode part 1n a first part of the trench and an intersection
line BB' intersects a second gate electrode part 1n a second
part of the trench.

FIG. 2B 1s a schematic illustration of a vertical cross sec-
tion through the second part of the trench MOSFET along the
line BB' of FIG. 2A.

FIG. 2C 1s a schematic illustration of a vertical cross sec-
tion through the first part of the trench MOSFET along the
line AA' of FIG. 2A, wherein the first gate electrode part
extends deeper into the semiconductor body than the second
gate electrode part.

FIG. 2D 1s a schematic illustration of a vertical cross sec-
tion through a part ol a semiconductor body of a trench
MOSFET differing from trench MOSFET 100 by absence of
field electrodes below the first and second gate electrode
parts.
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FIGS. 3A through 3D illustrate schematic cross sections
through a part of a semiconductor body during one embodi-

ment of manufacturing a trench MOSFET including gate
clectrode parts that differ with regard to their vertical exten-
s1on 1nto the semiconductor body.

FIGS. 4 through 6C are schematic cross sections through a
part of a semiconductor body illustrating alternative pro-
cesses of manufacturing gate electrode parts that differ with
regard to their vertical extension into the semiconductor body.

FI1G. 7 1s a schematic 1llustration of a plan view along a first
surface of a trench MOSFET including a trench, wherein the
first gate electrode part and the second gate electrode part are
parts of one continuous gate electrode 1n the trench.

DETAILED DESCRIPTION

In the following detailed description, reference 1s made to
the accompanying drawings, which form a part hereof, and in
which 1s shown by way of illustration specific embodiments
in which the invention may be practiced. In this regard, direc-
tional terminology, such as “top”, “bottom”, “front”, “back™,
“leading”, “trailing”, “over”, “above”, “below”, etc., 1s used
with reference to the orientation of the Figure(s) being
described. Because components of the embodiments can be
positioned 1 a number of different orientations, the direc-
tional terminology 1s used for purposes of illustration and 1s in
no way limiting. It 1s to be understood that other embodiments
may be utilized and structural or logical changes may be made
without departing from the scope of the present invention. For
example, features illustrated or described as part of one
embodiment can be used on or 1 conjunction with other
embodiments to yield yet a further embodiment. It 1s intended
that the present mvention includes such modifications and
variations. The examples are described using specific lan-
guage which should not be construed as limiting the scope of
the appending claims. The drawings are not scaled and are for
illustrative purposes only. For clarity, the same elements or
manufacturing processes have been designated by the same
references 1n the different drawings 11 not stated otherwise.

The terms “lateral” and “horizontal” as used 1n this speci-
fication intends to describe an orientation parallel to a first
surface of a semiconductor substrate or semiconductor body.
This can be for mstance the surface of a water or a die.

The term “vertical” as used 1n this specification intends to
describe an orientation which is arranged perpendicular to the
first surface of the semiconductor substrate or semiconductor
body.

As employed 1n this specification, the terms “‘coupled”
and/or “electrically coupled” are not meant to mean that the
clements must be directly coupled together—intervening ele-
ments may be provided between the “coupled” or “electri-
cally coupled” elements. The term “electrically connected”
intends to describe a low-ohmic electric connection between
the elements electrically connected together.

In this specification, n-doped may refer to a first conduc-
tivity type while p-doped 1s referred to a second conductivity
type. It goes without saying that the semiconductor devices
can be formed with opposite doping relations so that the first
conductivity type can be p-doped and the second conductivity
type can be n-doped. Furthermore, some Figures illustrate
relative doping concentrations by indicating “~ or “*” next to
the doping type. For example, “n™” means a doping concen-
tration which 1s less than the doping concentration of an
“n”’-doping region while an “n™’-doping region has a larger
doping concentration than the “n”’-doping region. Indicating
the relative doping concentration does not, however, mean

that doping regions of the same relative doping concentration
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have the same absolute doping concentration unless other-
wise stated. For example, two different n+ regions can have
different absolute doping concentrations. The same applies,
for example, to an n™ and a p™ region.

Specific embodiments described 1n this specification per-
tain to, without being limited thereto, power semiconductor
devices which are controlled by field-effect and particularly

[ 1F 1

to unipolar devices such as MOSFETs.

The term “field-effect” as used 1n this specification intends
to describe the electric field mediated formation of an “inver-
s1ion channel” and/or control of conductivity and/or shape of
the inversion channel in a semiconductor channel region.

In the context of the present specification, the term “field-
elfect structure” intends to describe a structure which 1is
formed 1n a semiconductor substrate or semiconductor body
or semiconductor device and has a gate electrode which 1s
insulated at least from the body region by a dielectric region
or dielectric layer. Examples of dielectric materials for form-
ing a dielectric region or dielectric layer between the gate
clectrode and the body region 1include, without being limited
thereto, silicon oxide (S10,), silicon nitride (S1,N,), silicon
oxi-nitride (S10 N_ ), zirconium oxide (Zr0,), tantalum oxide
(Ta,0;), titanium oxide (110,) and hatnium oxide (H1O,) or
stacks of these materials.

Above a threshold voltage V , between the gate electrode
and the source electrode connected typically to the body
region, an inversion channel 1s formed and/or controlled due
to the field-effect in a channel region of the body region
adjoining the dielectric region or dielectric layer. The thresh-
old voltage V , typically refers to the mimmum gate voltage
necessary for the onset of a unipolar current flow between the
two semiconductor regions of the first conductivity type,
which form the source and the drain of a transistor.

In the context of the present specification, the term “MOS”
(metal-oxide-semiconductor) should be understood as
including the more general term “MIS” (metal-insulator-
semiconductor). For example, the term MOSFET (metal-
oxide-semiconductor field-effect transistor) should be under-
stood to include FE'Ts having a gate msulator that 1s not an
oxide, 1.e., the term MOSFET 1s used 1in the more general term
meaning IGFET (insulated-gate field-effect transistor) and
MISFET, respectively.

Further, terms such as “first”, “second”, and the like, are
also used to describe various elements, regions, sections, etc.
and are also not intended to be limiting. Like terms refer to
like elements throughout the description.

As used herein, the terms “having™, “containing”, “includ-
ing”, “comprising”’ and the like are open ended terms that
indicate the presence of stated elements or features, but do not
preclude additional elements or features. The articles “a”,
“an” and “the” are intended to include the plural as well as the
singular, unless the context clearly indicates otherwise.

FIG. 1 illustrates a trench MOSFET 100 according to an
embodiment. The trench MOSFET 100 includes an n™-type
semiconductor body 101 with a first surface 102, e.g., a front
surface, and a second surface 103, e.g., arear surface opposite
the front surface. A first trench 104 and a second trench 1035
extend into the n™-type semiconductor body 101 from the first
surface 102. The first and second trenches 104, 105 share a
common depth d and a common width w. The first and second
trenches 104, 105 may be manufactured, for example, by
applying a patterned etching mask at the first surface 102 and
ctching the n™-type semiconductor body 101 1n those parts,
which are exposed by the etching mask. The etching process
may be an anisotropic etching process predominantly remov-
ing the semiconductor material of the n™-type semiconductor
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body 101 along a vertical direction 106 of the n™-type semi-
conductor body 101 starting from the first surface 102.

In a bottom part of the first trench 104, a first field electrode
part 108 1s arranged. In a top part of the first trench 104, a first
gate electrode part 109 1s arranged. A first insulating structure
110 within the first trench 104 includes a first gate dielectric
part 110q and electrically isulates the first gate electrode part
109 from the first field electrode part 108. The first insulating
structure 110 also electrically insulates each of the first field
clectrode part 108 and the first gate electrode part 109 from
the surrounding n™-type semiconductor body 101.

In a bottom part of the second trench 105, a second field
clectrode part 111 1s arranged. In a top part of the second
trench 105, a second gate electrode part 112 1s arranged. A
second nsulating structure 113 within the second trench 105
includes a second gate dielectric part 113a and electrically
insulates the second gate electrode part 112 from the second
field electrode part 111. The second 1nsulating structure 113
also electrically insulates each of the second field electrode
part 111 and the second gate electrode part 112 from the
surrounding n™-type semiconductor body 101.

A p-type body region 114 adjoins to an upper part of
sidewalls of each of the first and second trenches 104, 105
along a lateral direction 107. Likewise, an n™-type source
region 115 extends from the first surface 102 1nto the n™-type
semiconductor body 101 and ends at an interface to the p-type
body region 114. The n™-type source region 115 and the
p-type body region 114 are electrically coupled to a wiring
area 116 such as a metal area or metal line by a contact 117
such as a contact plug or a contact line.

An n*-type drain region 118 is arranged at the second
surface 103. The part of n™-type semiconductor body 101
between the p-type body region 114 and the n*-type drain
region 118 constitutes a drift zone 119.

The arrangement and dimensions of the first field electrode
part 108 and the first gate electrode part 109 differ from the
arrangement and dimensions of the second field electrode
part 111 and the second gate electrode part 112, respectively.
Further, the dimensions of the first gate dielectric part 110a
along the vertical direction 106 differ from the dimensions of
the second gate dielectric part 113a along the vertical direc-
tion 106. A distance d, ' between a bottom edge of the first gate
clectrode part 109 and the first surtace 102 1s larger than a
distance d,' between a bottom edge of the second gate elec-
trode part 112 and the first surface 102. In other words, the
first gate electrode part 109 extends deeper into the n™-type
semiconductor body 101 along the vertical direction 106 than
the second gate electrode part 112. Although a bottom edge of
the first field electrode part 108 and a bottom edge of the
second field electrode part 111 share a same level along the
vertical direction 106, a distance d, between the first surface
102 and a top edge of the first field electrode part 108 1s larger
than the distance d. between the first surface 102 and a top
edge of the second field electrode part 111. A distance d,
between a bottom edge of the first gate dielectric part 110a
and the first surface 102 1s larger than a distance d., between a
bottom edge of the second gate dielectric part 113q and the
first surface 102.

A distance d, between the first surface 102 and a bottom
edge of the body region 114 at a lateral distance from the first
gate dielectric part 110a between 10 nm and 20 nm satisfies
—100 nm<d,"'-d;=d<200 nm. A location having a lateral dis-
tance from the ﬁrst gate dielectric part 113a between 10 nm
and 20 nm 1s 1llustrated by reference symbol P 1n FI1G. 1. At P,
segregation elfects of dopants constituting the body region
114, which may arise at the first and second gate dielectric
parts 110a, 1134, can be neglected.
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The distance d, between the bottom edge of the first gate
dielectric part 110a and the first surface 102 and the distance
d, between the bottom edge of the second gate dielectric part
113a and the first surface 112 satisfies 50 nm<d, -d,. Accord-
ing to one embodiment, a relation 50 nm<d,-d,<200 nm
holds. According to another embodiment, a relation 50
nm<d,-d,<500 nm holds. According to yet another embodi-
ment, a relation 50 nm<d,—d,<1 um holds. The bottom edge
of the first and second gate dielectric parts define a transition
from the first and second gate dielectric parts 110a, 113a to
another part of the first and second sulating structures 110,
113, wherein the other part has a larger dimension along the
lateral direction 107 than the first and second gate dielectric
parts 110a, 113a. In one embodiment, an increase of thick-
ness more than 20% with regard to the thickness of the first
and second gate dielectric parts 110a, 113a 1s considered to
define the transition from the first and second gate dielectric
parts 110a, 1134 to the other part.

The different vertical dimensions d,'and d,' of the first and
second gate electrode parts 109, 112 lead to the first and gate
clectrode parts 109, 112 overlapping the drift zone 119 by a
different amount. Likewise, the different vertical dimensions
d, and d, of the first and second gate dielectric parts 110a,
113a lead to the first and second gate dielectric parts 110a,
113a overlapping the drift zone 119 by a different amount.
Because of the smaller vertical dimension d,' of the second
gate electrode part 112, the second gate electrode part 112
overlaps the drift zone 119 by a smaller amount so that the
gate-drain capacitance C 5 1s lower in the second trench 105
compared to the gate-drain capacitance between the first gate
clectrode part 109 1n the first trench 104 and the drift zone
119.

Because of the smaller overlap between the second gate
clectrode part 112 and the dnit zone 119 compared to the
overlap between the first gate electrode part 109 and the drift
zone 119, the turn-on resistance of the MOSFET 100 1s higher
in an area of the second gate electrode part 112 compared to
the area of the first gate electrode part 109. However, the
turn-on resistance does not increase by the same amount as
the gate-drain capacitance C,.,/gate charge Q. decreases
when the overlap between the gate electrode and driit zone 1s
reduced, so that 1n the trench MOSFET 100 the FOM, which
corresponds to the active area-independent product of the
on-state resistance R 1, 0-and the gate charge Q;, 1s smaller
than 1n a MOSFET including only gate electrodes corre-
sponding to the second gate electrode parts 112 of the trench
MOSFET 100. Thus, that part of the trench MOSFET 100 that
includes the first gate electrode part 109 1n the first trench 104
constitutes an on-state resistance R(DS) on-switching opti-
mized cell 130 and the part of the trench MOSFET 100 that
includes the second gate electrode part 112 constitutes a
gate-drain capacitance C,-switching optimized cell 131.

FIG. 2A 1s a schematic 1llustration of a top view of a part of
a semiconductor body of a trench MOSFET 200 according to
another embodiment. The trench MOSFET 200 includes
stripe-shaped trenches 204aq and 204b. Within the trench
204a, on-state resistance R, on~switching optimized cells
such as cells 230q, 23056 and gate-drain capacitance C /-
switching optimized cells such as cell 231a are alternately
arranged along a lateral direction 237. The lateral direction
2377 corresponds to the direction of extension of the stripe-
shaped trenches 204a, 2045. A width w, of the trench 2044 1n
a part of a R 5 on-switching optimized cell such as the cell
2305 corresponds to the width w,, of the gate-drain capaci-
tance C . ,-switching optimized cell such as thecell 231a, 1.¢.,
w,=w,. Furthermore, a width w; of the trench 2045, which
may also include alternately arranged R p6 op~-switching
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optimized cells and gate-drain capacitance C,,-switching
optimized cells, corresponds to the width w, of the trench
204a, 1., W, =W, =W;.

A lateral distance 1, between neighboring two of the
trenches such as trenches 204q, 2045 and a pitch p between
the first gate electrode parts in one of the trenches 204a, 2045,
e.g., in the trench 204a, satisty p<<2xl, . The relation may hold

with respect to a reference level depth of 200 nm to the first
surtace 102 of FIG. 1.

FIG. 2B 1s a schematic illustration of a vertical cross sec-

tion through the gate-drain capacitance C;,-switching opti-
mized cell 231a along the line B-B' of the trench MOSFET

200 illustrated 1in FI1G. 2A.

The arrangement of the gate-drain capacitance C; -
switching optimized cell 231a including the trench 204a cor-
responds to the gate-drain capacitance C,,-switching opti-
mized cell 131 including the second trench 105 of the trench
MOSFET 100 1illustrated 1n FIG. 1.

FI1G. 2C 1s a schematic 1llustration of a vertical cross sec-

tion through the on-state resistance R 5, op~-sWitching opti-
mized cell 23056 along the line A-A' of the trench MOSFET

200 1llustrated 1n FIG. 2A.
The arrangement of the R ¢, ,5~sWitching optimized cell
23056 including the trench 204a corresponds to the on-state

resistance R ¢ on-switching optimized cell 130 including
the first trench 104 of the trench MOSFET 100 illustrated in

FIG. 1.
FIG. 2D 1s a schematic illustration of a vertical cross sec-

tion through a part of a semiconductor body of a trench
MOSFET 100'. The trench MOSFET 100" differs from the

trench MOSFET 100 by absence of field electrodes below the
first and second gate electrode parts 109, 112, e.g., by absence
of the first and second field electrode parts 108, 111 1llustrated
in FIG. 1.

In addition to the embodiments 1llustrated in FIGS. 1 to 2D
and according to yet another embodiment, the first gate
dielectric part 110q and the second gate dielectric part 113a
may be formed directly opposite each other within a same
trench. FIG. 7 depicts a plan view along surface 102, wherein
the first gate electrode part 109 and the second gate electrode
part 112 are parts of one continuous gate electrode 1n the
trench. Thus, the gate-drain capacitance C ,,-switching opti-
mized cell includes a first subregion of the body region
adjoining to one side wall part of the trench and the on-state
resistance R ¢, on~-switching optimized cell includes another
subregion of the body region adjoining to another side wall
part of the trench which 1s directly opposite to the one side
wall part. In other words, the one side wall part and the other
side wall part face each other along a lateral direction which
1s perpendicular to a direction of extension of the trench. In
this embodiment, a depth of a bottom side of the gate elec-
trode increases along a lateral direction from the first gate
dielectric part to the second gate dielectric part.

FIG. 3A illustrates a schematic cross section through a part
of a semiconductor body 301 during one embodiment of
manufacturing a trench MOSFET. The semiconductor body
301 has been previously processed to include trenches 304a,
304bH, 304¢ extending from a first surface 302 into the semi-
conductor body 301 along a vertical direction 306. A dielec-
tric structure 340 1s arranged on the semiconductor body 301
both 1n an area of the first surface 302 and on sidewalls as well
as on a bottom side of each of the trenches 304a, 3045, 304c.
This dielectric structure 340 1s, for example, a deposited
oxide layer such as a TEOS (tetracthoxysilane) or a thermal
oxide layer which 1s formed by thermal oxidation of the
semiconductor body 301 or a nitride. The dielectric structure
340 may also include two dielectric layers 341 and 342 as

10

15

20

25

30

35

40

45

50

55

60

65

8

illustrated 1n FIG. 3A. The dielectric layer 341 which adjoins
the semiconductor body 301 1s a thermal oxide layer. The
dielectric layer 342 1s a deposited oxide layer such as a TEOS
layer. The dielectric structure 340 may also include more than
two dielectric layers.

A field electrode material 343, which 1s conductive and
includes conductive materials such as doped semiconductors,
¢.g., doped polysilicon, fills up the trenches 304a, 3045, 304¢
and covers a top surface of the dielectric structure 340 on the
first surface 302.

Referring to the cross sectional view of the semiconductor
body 301 of FIG. 3B, an etch mask 344a including an opening
above the trench 3045 1s arranged on the field electrode mate-
rial 343. The etch mask 344a may be a photoresist patterned
by lithography or a patterned hard mask. The field electrode
material 343 1s partially removed by etching through the
opening of the etch mask 344qa. This leads to a recess of the
field electrode material 343 1n an area of the opening of the
ctch mask 344a.

Following the process state of FIG. 3B and referring to the
cross section of the semiconductor body 301 of FIG. 3C, the
ctch mask 344a 1s removed and the field electrode material
343 is etched back until the field electrode material 343 partly
fills each of the trenches 304a, 30456, 304¢. Since the field
clectrode material 343 has only been recessed above the
trench 3045 but not above the trenches 3044 and 304c¢, a
vertical level 345a of the remaining field electrode material
343 1n the trench 304a equals a vertical level 345¢ of the
remaining field electrode material 343 1n the trench 304c.
However, both the vertical level 3454 and the vertical level
345¢ are located above a vertical level 3455 of the remaining
field electrode material 343 1n the trench 30454. In other
words, a distance between the first surface 302 and a top side
of the remaining field electrode material 343 1n the trench
3045 1s larger than the corresponding distance of the remain-
ing field electrode material 343 1n each of the trenches 304aq,
304c.

Following the process state of FIG. 3C and referring to the
cross section of the semiconductor body 301 illustrated 1n
FI1G. 3D, the dielectric structure 340 1s removed in the
trenches 304a, 3045, 304¢ {from the sidewalls above and
slightly below the levels 345a, 34556, 345¢. As an example, the
dielectric structure may be partly removed by an 1sotropic
etching process. The dielectric structure 340 1s removed 1n
such a manner that the dielectric structure 340 1s cut back 1n
the vertical direction 306 belong a top edge of the field elec-
trode material 343 remaining in each of the trenches 304aq,
304b, 304¢ as a consequence of the 1sotropic etching process.
This etching process 1s followed by the thermal oxidation, by
deposition of a thin dielectric layer such as an oxide layer or
¢.g., a high k dielectric or by wet oxidation. In this process, a
dielectric layer 347 such as an oxide layer 1s formed on the
first surface 302 of the semiconductor body 301, on the side
walls of the trenches 304a, 3045, 304¢ and on an exposed top
side of the field electrode material 343 1n each of the trenches
304a, 3045, 304¢. The field electrode material 343 remaining
in a lower part of the trenches 304a, 3045, 304¢, constitutes
field electrode parts 311a, 308, 3115. In addition, a dielectric
plug such as an oxide plug may be formed (not illustrated in
FIG. 3D), e.g., before formation of a gate dielectric. Then, the
trenches 304a, 304bH, 304¢ are filled with a gate electrode
material constituting gate electrode parts 312a, 309, 31254.

In view of the local etchback process of field electrode
material 343 due to the patterned etch mask 344q in FIG. 3B,
a bottom side of the gate electrode part 309 1n the trench 3045
has a larger extension along the vertical direction 306 1nto the
semiconductor body 301 than the gate electrode parts 3124,
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31256 1n the trenches 304a, 304¢. Thus, the gate electrode part
309 1n the trench 3045 constitutes a part of an on-state resis-
tance R p5,on-sWitching optimized cell to be formed and the
gate electrode parts 312a, 3125 1n the trenches 304a, 304c
constitute part of gate-drain capacitance C . ,-switching opti-
mized cells to be formed.

Further process steps such as formation of body, source,
drain and interconnections will follow to finalize the trench
MOSFET (not illustrated).

Referring to the schematic cross section through the semi-
conductor body 301 of FIG. 4, an alternative to the local
ctchback of the field electrode material 343 1llustrated 1n FIG.
3B will be described.

Whereas the field electrode material 343 in FIG. 3B covers
a top side of the dielectric structure 340 before the field
clectrode material 343 1s locally etched back via the etch
mask 344a, the field electrode material 343 1n FIG. 4 15 first
removed up to a level at a top side of the dielectric structure
340. In this state, the remaiming field electrode material 343
f1lls up each one of the trenches 304a, 3045, 304 ¢ to this level.
Then, an etch mask 3445 including an opening above the
trench 3045 1s formed on a top side of the dielectric structure
340 by lithography. An etch process such as an anisotropic
etch process follows to recess the field electrode material 343
in the trench 3045. Thus, a level of a top edge of the field
clectrode matenial 343 i the trench 3045 1s below the top
level of the field electrode material 343 1n each of the trenches
304a,304c¢. Then, the etch mask 3445 1s removed and the field
clectrode material 343 1s etched back up to the levels 3454,
345b, 345¢ as 1s 1llustrated 1n FIG. 3C. Further process steps
correspond to the ones described with regard to the embodi-
ment 1llustrated 1n FIGS. 3A to 3D.

As an alternative to the local etchback of the field electrode
material 343 illustrated 1n the embodiments of FIG. 3B and
FI1G. 4, the field electrode material 343 illustrated 1n FIG. 3A
may be etched back to a same level 1n each of the trenches
304a, 3045, 304¢ as 1s illustrated in the schematic cross
section through the semiconductor body 301 of FIG. 5. Then
an etch mask 1s formed covering a top side of the dielectric
structure 340 and of the trenches 304a, 304¢, whereas an
opening 1n the etch mask leaves a top side of the trench 30456
uncovered (not 1llustrated). Then the field electrode matenal
343 1 the trench 3045 1s slightly etched back leading to the
process state of FIG. 3C. Then, further processes follow as
described with regard to the embodiment 1llustrated in FIGS.
3A to 3D.

As a further alternative for manufacturing a trench MOS-
FET including on-state resistance R, on-switching opti-
mized cells and gate-drain capacitance C ,-switching opti-
mized cells, reference 1s made to the schematic cross sections
of FIGS. 6A to 6C which follow the process state of FIG. 5.
Reterring to the schematic cross section through the semicon-
ductor body 301 illustrated in FIG. 6 A, a dielectric cap 350,
¢.g., an oxide cap such as a HDP (high density plasma) oxide
cap 1s formed on a top side of the field electrode material 343
remaining in each of the trenches 304a, 3045, 304c.

Then an etch mask 1s formed which covers a top side of the
dielectric structure 340 and of the trenches 304a, 304¢. An
opening in the etch mask leaves a top side of the trench 30456
open (not i1llustrated 1n FIG. 6A).

Referring to the schematic cross section through the semi-
conductor body 301 of FIG. 6B, the dielectric cap 350 1is
etched back 1n the trench 3045 by an amount d along the
vertical direction 306.

Referring to the schematic cross section through the semi-
conductor body 301 illustrated 1n FIG. 6C, the dielectric
structure 340 1s removed 1n the trenches 304a, 3045, 304c¢
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from sidewalls above the dielectric cap 350 and from the first
surface 302 ofthe semiconductor body 301. Then, a dielectric

layer 347 1s formed on the sidewalls of the trenches 304aq,

3045, 304¢ above the dielectric cap 350 and on the first
surface 302. Then, gate electrode parts 362a, 359, 3625 are
formed 1n the trenches 304a, 3045, 304¢. Partial removal of
the dielectric structure 340 1n the trenches 3044, 3045, 304c¢
may also be carried out before formation of the dielectric cap
350 1llustrated 1n FI1G. 6 A. Likewise, formation of the dielec-

tric layer 347 1n the trenches 304a, 3045, 304¢ may also be
carried out before formation of the dielectric cap 350 1llus-

trated in FI1G. 6A.

In view of the local etchback of the dielectric cap 350 in the
trench 3045b, the gate electrode part 359 in the trench 30456
extends deeper into the semiconductor body 301 along the
vertical direction 306 than the gate electrode parts 362a, 3625
in the trenches 304a, 304¢. Thus, the gate electrode part 359
in the trench 3045 1s a part ot an on-state resistance R 56,0n-
switching optimized cell to be formed and the gate electrode
parts 362a, 3625 1n the trenches 304a, 304¢ constitute part of
gate-drain capacitance C,,-switching optimized cells to be
formed.

It 1s to be understood that the features of the various
embodiments described herein may be combined with each
other, unless specifically noted otherwise.

Terms such as “first”, “second”, and the like, are used to
describe various elements, regions, sections, etc. and are also
not imtended to be limiting. Like terms refer to like elements
throughout the description.

As used herein, the terms “having™, “containing”, “includ-
ing”, “comprising” and the like are open ended terms that
indicate the presence of stated elements or features, but do not
preclude additional elements or features. The articles “a”,
“an” and “the” are intended to include the plural as well as the
singular, unless the context clearly indicates otherwise.

Although specific embodiments have been 1illustrated and
de-scribed herein, 1t will be appreciated by those of ordinary
skill 1n the art that a variety of alternate and/or equivalent
implementations may be substituted for the specific embodi-
ments shown and described without departing from the scope
of the present invention. This application 1s intended to cover
any adaptations or variations of the specific embodiments
discussed herein. Theretore, it 1s intended that this invention

be limited only by the claims and the equivalents thereof.

What 1s claimed 1s:

1. A semiconductor device, comprising:

a semiconductor body including a first surface and a second
surface:

a trench structure extending into the semiconductor body
from the first surface, the trench structure including a
first gate electrode part and a first gate dielectric part 1n
a first part of the trench structure, and a second gate
clectrode part and a second gate dielectric part 1 a
second part of the trench structure, wherein a width of
the trench structure 1n the first part 1s equal to the width
of the trench structure 1n the second part;

a body region adjoining the first and second gate dielectric
parts at a side wall of the trench structure; and

wherein a distance d1 between a bottom edge of the first
gate dielectric part and the first surface and a distance d2
between a bottom edge of the second gate dielectric part
and the first surface satisfies 50 nm<d1-d2.

2. The semiconductor device of claim 1, further comprising,

a source region adjoining the first and second gate dielectric
parts.
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3. The semiconductor device of claim 1, further comprising
at least one field electrode arranged below the bottom edge of
the first gate electrode portion.

4. The semiconductor device of claim 3, comprising a first
field electrode part arranged below the first gate electrode part
in the first part of the trench structure and a second field
clectrode part arranged below the second gate electrode part
in the second part of the trench structure, and wherein a
distance between a top edge of the first field electrode part and
the first surface 1s larger than the distance between a top edge
of the second field electrode part and the first surface.

5. The semiconductor device of claim 1, wherein the first
gate electrode part and the second gate electrode part are parts
ol one continuous gate electrode 1n a trench.

6. The semiconductor device of claim 5, comprising a
plurality of the first gate electrode parts and a plurality of the
second gate electrode parts, wherein the plurality of the first
gate electrode parts and the plurality of the second gate elec-
trode parts are alternately arranged within the trench.

7. The semiconductor device of claim 6, comprising a
plurality of the trenches, each trench including the plurality of
the first gate electrode parts and the plurality of the second
gate electrode parts alternately arranged, wherein a lateral
distance 11 between neighboring ones of the trenches and a
pitch p between the first gate electrode parts 1n one of the
trenches fulfill the relationship p<2xl1 with respect to a ref-
erence level depth of 200 nm to the first surface.

8. The semiconductor device of claim 5, further compris-
ng:

a first field electrode part arranged below the first gate

clectrode part 1n the first part of the trench structure;

a second field electrode part arranged below the second
gate electrode part in the second part of the trench struc-
ture; and

wherein a distance between a top edge of the first field
clectrode part and the first surface equals the distance
between a top edge of the second field electrode part and
the first surface.

9. The semiconductor device of claim 1, wherein the first
part of the trench structure comprises a first trench and the
second part of the trench structure comprises a second trench.

10. The semiconductor device of claim 9, wherein the first
trench and the second trench are shaped as stripes and extend
in parallel to each other.

11. The semiconductor device of claim 9, wherein the body
region 1s laterally confined by the first trench on one side and
the second trench on the other side.

12. The semiconductor device of claim 1, wherein the first
gate electrode part 1s electrically connected to the second gate
clectrode part.

13. The semiconductor device of claim 1, wherein the
semiconductor device 1s a field-effect structure.

14. The semiconductor device of claim 13, wherein the
field-etlect structure 1s a field effect transistor.

15. A semiconductor device, comprising;

a semiconductor body including a first surface and a second

surface;

a trench structure extending into the semiconductor body
from the first surface, the trench structure including a
first gate electrode part in a first part of the trench struc-
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ture and a second gate electrode part 1n a second part of
the trench structure, wherein a width of the trench struc-
ture 1n the first part 1s equal to the width of the trench
structure 1n the second part;

a body region adjoining a gate dielectric at a side wall of the
trench structure;

wherein a distance d1' between a bottom edge of the first
gate electrode part and the first surface 1s larger than a
distance d2' between a bottom edge of the second gate
clectrode part and the first surface; and

wherein a distance d3 between the first surface and a bot-
tom edge of the body at a lateral distance from the gate
dielectric between 10 nm to 20 nm satisfies —100
nm<d1l'-d3<200 nm.

16. The semiconductor device of claim 15, wherein the first
gate electrode part and the second gate electrode part are parts
of one continuous gate electrode 1n a trench.

17. The semiconductor device of claim 15, wherein the first
part of the trench structure comprises a first trench and the
second part of the trench structure comprises a second trench.

18. The semiconductor device of claim 15, further com-
prising:

a first field electrode part arranged below the first gate

clectrode part 1n the first part of the trench structure;

a second field electrode part arranged below the second
gate electrode part in the second part of the trench struc-
ture; and

wherein a distance between a top edge of the first field
clectrode part and the first surface equals the distance
between a top edge of the second field electrode part and
the first surface.

19. A semiconductor device, comprising;

a semiconductor body including a first surface and a second
surface;

a trench extending into the semiconductor body from the
first surface, the trench including a first gate electrode
part in a first part of the trench and a second gate elec-
trode part 1n a second part of the trench, the first gate
clectrode part and the second gate electrode part being
parts of one continuous gate electrode 1n the trench; and

wherein the first gate electrode part extends deeper into the
semiconductor body from the first surface than the sec-
ond gate electrode part.

20. The semiconductor device of claim 19, comprising a
plurality of the first gate electrode parts and a plurality of the
second gate electrode parts, wherein the plurality of the first
gate electrode parts and the plurality of the second gate elec-
trode parts are alternately arranged 1n the trench.

21. The semiconductor device of claim 19, further com-
prising:

a first field electrode part arranged below the first gate

clectrode part 1n the first part of the trench; and

a second field electrode part arranged below the second
gate electrode part in the second part of the trench; and

wherein a distance between a top edge of the first field
clectrode portion and the first surface 1s larger than the
distance between a top edge of the second field electrode
portion and the first surface.
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